1. Introduction {#sec0005}
===============

Parkinson disease (PD) is a multifactorial disease that takes a leading place among contemporary frequent diseases of the central nervous system (CNS) with not well-established mechanism \[[@bib0005]\]. The major clinical disturbances in PD are dopamine depletion consequence in the neostriatum, due to dopaminergic neurons' degeneration \[[@bib0010]\]. The drug therapy depends on disease severity, remains relatively nonspecific and limited long term efficacy. In the early disease stages, is used a monoamine oxidase β-inhibitor. Initially, the drug is used to inhibit the dopamine degradation \[[@bib0015]\]. In later disease phases, the patients are treated with Levodopa (L-dopa) a dopamine precursor \[[@bib0020]\]. The dihydroxyphenylalanine (Levodopa, L-dopa) - is a \"gold standard\" and the most effective symptomatic treatment for PD, against which new drugs are compared \[[@bib0025]\]. A number of therapies have been developed in an attempt to improve the disease treatment, such as dopaminergic agonists and inhibitors COMT and MAO-B, but most patients still depend on L-dopa because it is the most able to control the PD symptoms \[[@bib0030]\]. The L-dopa clinical effect is diminished by motor complications resulting from prolonged treatment. Due to the L-dopa neurotoxic effect in the disease treatment, the L-dopa administration is delayed as long as possible in order to avoid side effects \[[@bib0035]\].

Over the last decade, many different hypothesis, including oxidant-antioxidant theory, have been suggested to explain the etiology of PD. Local and systemic oxidative injuries, triggered by free radicals and reactive oxygen species (ROS), may be a reason for dopaminergic neurons' degeneration \[[@bib0040]\]. Oxidative stress is a consequence of overproducing or inadequate removal of ROS in the cells, causing impairment of the oxidant-antioxidant balance in the body and may lead to non-specific damages of different biomolecules such as proteins, lipids, and nucleic acids. In addition, combining L-dopa therapy with antioxidants (from natural or synthetic origin), may reduce the oxidative processes, decrease side-effects and provide symptomatic relief \[[@bib0045]\].

The vitamin C possesses the strong antioxidant properties, and interacts with H~2~O~2~, hydroxyl radical (^•^OH) and ^•^O~2~^−^, and turning them into non-radical products, providing cells with a free radical "neutralizer" \[[@bib0050],[@bib0055]\]. In addition, the Vitamin C exhibit pro-oxidant properties in the presence of free transition metals, because it reduces ferrions to ferro-ions in a Fenton-like reaction and in the H~2~O~2~ presence stimulate the hydroxyl radicals formation \[[@bib0060]\]. Whether the ultimate effect will be a pro-oxidant or an antioxidant depends on the ratio of the ascorbic acid concentration to the available ferrions \[[@bib0065]\]. At sufficiently high concentrations, ascorbic acid reduces and destroys the formed radicals \[[@bib0070],[@bib0075]\]. Plasma antioxidants traceability under oxidative stress indicates that the ascorbic acid level has been lowered at the earliest, and after depletion, lipid peroxidation has developed, even if the plasma Tocopherol is in normal concentrations \[[@bib0080]\].

Natural antioxidants are isolated from different parts of plants, like flowers, seeds, leaves, roots, bark and their phenolic extracts can slow the lipid oxidation \[[@bib0085]\]. Essential Rose oil (Rosa damascena Mill. f. Trigintipetala Dieck) is an integral part of traditional homeopathic medicine, because its antioxidant properties \[[@bib0090]\], neuropharmacological effects \[[@bib0095]\], and relaxant effects \[[@bib0100]\]. Bulgarian rose oil is a mixture of over 300 components belonging to the terpene and non-terpene hydrocarbons, glycosides, flavonoids \[[@bib0105]\], citronellol (20--34%), Geraniol (15--22%), Farnesol (2.35%), Neroll (5--12%), linalool and esters \[[@bib0105]\]. In addition, some components of rose oil as anthocyanins, flavonoids, terpenes, glycosides, kaempferol and quercetin, have antioxidant activity \[[@bib0110],[@bib0115]\]. Moreover, Ulusoy et al. \[[@bib0115]\]. has evaluated the chemical compositions of rose oil isolated from Rose Damascena Mill. by GC--MS and found the main constituents were citronellol and geraniol (\>55%). Nevertheless, phenylpropanoid such as eugenol is also an important component in rose essential oil \[[@bib0120]\]. Several studies indicate that the rose oil has a wide range of biochemical activities, such as scavenging free radicals, antimutagenic and antidepressant effects which may partly be due to the phenolics abundance \[[@bib0080],[@bib0125]\]. Oil polar phenolics have a scavenging activity against superoxide anion (^•^O~2~‾) and hydrogen peroxide (H~2~O~2~), also a capability to prevent the ROS generation. In vitro inhibitory the effect on eicosanoids production and on platelet aggregation have also indicated their capacity to scavenge nitrogen reactive species (RNS) such as peroxynitrite (NOO‾) suggests a protective effect against nitration of tyrosine and DNA and protein damage \[[@bib0130]\].

The aim of the present study was to investigate whether the pretreatment with antioxidants would decrease oxidative stress induced by the L-dopa. To achieve the ultimate goal of this research, we investigated the levels of lipid peroxidation measured as MDA, protein carbonyl content (PCC), and advanced glycation end products (AGEs) in blood plasma of experimental model of healthy mice.

2. Materials and methods {#sec0010}
========================

2.1. Chemicals {#sec0015}
--------------

2-Thiobarbituric acid (TBA), L-3,4 dihydroxyphenyl alanine (L-dopa), L-Ascorbic acid were purchased from Sigma-Aldrich Chemie GmbH (Germany). All other chemicals that were used in the study were analytical grade. Deionized and distilled water were used for all experiments. Essential Rose oil was provided from the Institute for Roses and Aromatic Plants, Kazanluk, Bulgaria.

2.2. Animals {#sec0020}
------------

In the experiment were used male non-inbred albino mice (25--40 g). The experimental animals were housed in polycarbonate cages in controlled conditions: 12 h light/dark cycles, 18--23 °C and humidity 55%, with free access to tap water, provided by the Trakia University vivarium, Stara Zagora, Bulgaria. The animal procedures were in accordance with *Directive 2010/63/EU* on the protection of animals used for experimental and other scientific work, and approved by the *Ethical Committee for Animals of BABH and Trakia University, Stara Zagora, Bulgaria (131/ 6000-0333/ 09.12.2015)*.

Mice were divided into four groups (12 animals in each group). The control group of mice was inoculated two i.p. injections with solvent, only. The second injection was administered 45 min after the first. To study the L-dopa effect we used the acute model \[[@bib0135]\]. The mice from all tested groups (except controls) received either two i.p. injections of L-dopa (100 mg/kg) followed by benserazide (10 mg/kg). The second injection was administered 45 min after the first. The groups undergoing combination therapy were pre-treated first for 1 h with i.p. injections with Ascorbic acid (400 mg/kg), Rose oil (400 mg/kg) and after that received L-dopa and benserazide. All mice were sacrificed by light anesthesia (Nembutal 50 mg/kg i.p.) after 30 min. Fresh blood (1-2 cm^3^) was collected directly from the heart in cold EDTA-containers (5 cm^3^ Monovette, Germany), and centrifuged at 4000 rpm, 10 min, 4 °C and plasma samples were carefully separated.

2.3. Ex vivo spectrophotometry assay for evaluation the levels of MDA {#sec0025}
---------------------------------------------------------------------

To evaluate the levels of lipid peroxidation was used Thiobarbituric acid reactive substances (TBARS) assay, which measures MDA reactive substances \[[@bib0140]\]. The spectrophotometric measurements were performed on a Thermo Scientific spectrophotometer.

2.4. Enzyme-linked immunosorbent assay {#sec0030}
--------------------------------------

Preliminarily were determined the total protein amount in the test sample with the Total Protein Kit, Human. Each protein sample were diluted to 10 μg/mL in 1X PBS, pH = 7.4 prior to use in the assay. Protein carbonyl content was measured using an OxiSelect protein carbonyl ELISA kit (Cell Biolabs). Briefly, the BSA standard (reduced/oxidized) and the assayed samples (10 μg/mL) were adsorbed on a 96-well plate for 2 h at 37 °C. Protein carbonyl found in samples and standard reacted with DNPH to form DNP hydrazone, treated with anti-DNP antibody and HRP conjugated secondary antibody. Protein carbon content in the samples was determined by a standard curve prepared from the absorbance obtained on the basis of the oxidized/reduced BSA standards and the protein carbonyl content in the samples were calculated in nmol/mg.

The AGEs level was similarly assessed with an OxiSelect AGE competitive ELISA kit (Cell Biolabs). an AGE conjugate is coated on an ELISA plate. The unknown AGE protein samples or AGEBSA standards are then added to the AGE conjugate preabsorbed ELISA plate. After a brief incubation, an anti-AGE polyclonal antibody is added, followed by an HRP conjugated secondary antibody. The content of AGE protein adducts in unknown samples is determined by comparison with a predetermined AGE-BSA standard curve.

2.5. Statistical analysis {#sec0035}
-------------------------

Statistical analysis was performed with Statistica 7, StaSoft, Inc. and the results were expressed as means ± S.E. All data were expressed as mean ± SE and obtained by one-way ANOVA. p \> 0.05 was considered statistically significant. To define which groups are different from each other were used LSD post hoc tests.

3. Results {#sec0040}
==========

In the current manuscript was investigated the possibilities of reducing the oxidative stress induced by L-dopa by combining with liposoluble Rose oil \[[@bib0145]\]. The results were compared with animals treated with L-dopa alone and with a reference antioxidant --vitamin C (ascorbic acid). Based on literature data \[[@bib0150]\], we selected the 400 mg/kg dose as \"protector\" for essential oils and the referent antioxidants --ascorbic acid.

3.1. MDA levels in blood plasma {#sec0045}
-------------------------------

[Fig. 1](#fig0005){ref-type="fig"} shows the plasma MDA level in healthy untreated mice and mice treated with L-dopa and combinations of L-dopa with Rose oil.Fig. 1The MDA level in mice treated with L-dopa alone and in combination of L-dopa **+** SLENU/ Ascorbic acid/Rose oil, were statistically significant higher vs controls, p \< 0.00, t-test. To define which groups are different from each other have used LSD post hoc test. The results are presented as mean ± S.E. p \< 0.01; (\*) vs to controls; (\*\*) vs L-dopa.Fig. 1

The lipid peroxidation products measured as MDA level from mice treated with L-dopa alone was statistically higher compared to controls (mean 3.75 ± 0.12 μmol/mL, vs mean 1.77 ± 0.03 μmol/mL, p \< 0.00, t --test). The MDA level in the combination L-dopa + Ascorbic acid is statistically significantly higher than in controls (mean 2.08 ± 0.04 μmol/mL vs mean 1.77 ± 0.03 μmol/mL, p \< 0.00, t --test) and statistically significantly lower than in mice treated with L-dopa alone (mean 2.08 ± 0.04 μmol/mL vs mean3.75 ± 0.12 μmol/mL, р \<0.00, t--test). MDA level in combination L-dopa + Rose oil is statistically significantly higher than controls (mean 2.16 ± 0.05 μmol/mL vs mean 1.77 ± 0.03 μmol/mL, p \< 0.00, t-test), and statistically lower than samples treated with L-dopa alone (mean 2.16 ± 0.05 μmol/mL vs mean 23.75 ± 0.12 μmol/mL, p \< 0.00, t-test).

3.2. Protein carbonyl content (PCC) determination in blood plasma {#sec0050}
-----------------------------------------------------------------

[Fig. 2](#fig0010){ref-type="fig"} shows the PCC in blood plasma from mice treated with L-dopa alone and in combination with antioxidants. Compared to controls the PCC in L-dopa group is statistically significant higher then controls (mean 5.23 ± 0.01 nmol/mg vs mean 1.55 ± 0.04 nmol/mg, p \< 0.00, t--test), and all group pretreated with combination L-dopa + antioxidants. Statistically significant increase in PCC is observed in group treated with L-dopa + Ascorbic acid versus controls (mean 3.18 ± 0.09 nmol/mg vs mean 1.55 ± 0.04 nmol /mg, p \< 0.00, t-test), but compared with group treated with L-dopa alone, the PCC level was statistically significant lower (mean 3.18 ± 0.09 nmol/mg vs. 5.23 ± 0.01 nmol/mg, p \< 0.00, t-test). The L-dopa + Rose oil combination compared to controls was statistically significantly higher (mean 3.07 ± 0.02 nmol/mg vs. mean 1.55 ± 0.04 nmol/mg, p \< 0.00, t-test), and statistically significantly lower in samples treated with L-dopa alone (mean 3.07 ± 0.02 nmol/mg vs. mean 5.23 ± 0.35 nmol/mg, p \< 0.00, t-test).Fig. 2The protein carbonyl content (PCC) in mice treated with L-dopa alone and in combination of L-dopa + SLENU/ Ascorbic acid/ Rose oil were statistically significant higher than controls, p \< 0.00, t-test. To define which groups are different from each other have used LSD post hoc test. The results are presented as mean ± S.E. p \< 0.01; (\*) vs to controls; (\*\*) vs L-dopa.Fig. 2

3.3. Advanced glycation end products (ages) blood plasma {#sec0055}
--------------------------------------------------------

The AGEs ([Fig. 3](#fig0015){ref-type="fig"}) in blood plasma in group treated with L-dopa alone was statistically significantly higher compared to control group (982 ± 14.69 μg/ml vs 432 ± 19.05 μg/ml, p \< 0.00, t-test). Statistically significantly increase was observed in pretreated with antioxidants groups compared to controls: Ascorbic acid + L-dopa (686 ± 21.6 μg/ml, vs 432 ± 19.05 μg/ml, p \< 0.00, t-test), and Rose oil + L-dopa (489 ± 13.1 μg/ml, vs 432 ± 19.05 μg/ml, p \< 0.000, t-test). Both groups pretreated with antioxidants show statistically significant decrease compared to group treated with L-dopa alone (p \< 0.00).Fig. 3Advanced glycation end products (AGEs) in blood plasma in mice treated with L-dopa alone and in combination of L-dopa + SLENU/Ascorbic acid/Rose oil were statistically significant higher than controls, p \< 0.00, t-test. To define which groups are different from each other have used LSD post hoc test. The results are presented as mean ± S.E. p \< 0.01; (\*) vs to controls; (\*\*) vs L-dopa.Fig. 3

3.4. Correlations between parameters {#sec0060}
------------------------------------

All parameters show positive correlation MDA vs AGEs show r = 0.91, p = 0.00; MDA vs PCC r = 0.92, p = 0.00; PCC vs AGEs show r = 0.93, p = 0.00.

4. Discussion {#sec0065}
=============

L-dopa therapy is the most efficient method of Parkinson Disease treatment \[[@bib0155]\]. Although L-dopa has a relatively short half-life and is rapidly metabolized in plasma, the result of treatment is only symptomatic relief, and moreover, there is development of dyskinesia and ultimately worsening of the disease. In the current research, to evaluate whether OS is involved in L-dopa -induced toxicity was studied the influence of acute treatment with L-dopa on the OS biomarkers MDA, PCC and AGEs in experimental model of healthy mice. The protective effects of two different antioxidants an essential oil isolated from Rosa damascena *Mill*., and vitamin C was also investigated.

The demand for natural antioxidants, especially with plant origin, has increased in recent years \[[@bib0160]\]. The effectiveness of antioxidants is probably limited by their bioavailability and the fact that they would have to be present in high concentrations to be able to compete with endogenous targets. Current result provides evidence that MDA level in plasma of acute model of mice treated with L-dopa alone was significantly higher than controls ([Fig. 1](#fig0005){ref-type="fig"}), meaning that L-dopa treatment induced OS in mice. Another indirect proof for OS involvement in drug-induced toxicity is the overcome by adding typical antioxidants \[[@bib0155],[@bib0165]\]. Antioxidants are needed to prevent the formation and counteract the action of free radicals. In the present study MDA results obtained from a blood after treatment with the combinations L-dopa + Ascorbic acid and L-dopa + Rose oil shows levels commensurate with the controls and statistically decreased from the L-dopa group, only. This appears to confirm that the antioxidants can successfully limit peroxidation processes in lipids under the described experimental conditions. The intake of vitamin C and Rose oil is associated with a reduced risk of degenerative or chronic disease, possibly through antioxidant mechanisms \[[@bib0080]\]. Lipid peroxidation induced by OS and oxidants, generates a variety of lipid peroxidation products, including reactive proteins and more stable products as ketones, alkanes and malondialdehydes. These products react on cellular and tissular proteins and form adducts, which induced protein dysfunction and alter cellular response, and increase with aging together with antioxidant defense. MDA is formed during lipid peroxidation and binds to nucleophiles, is one of the most common aldehydes. In addition, MDA reacts with Lys residues, creating Schiff bases and plays an important role in the modulation of low density lipoproteins. The protein residues formed during oxidation of polyunsaturated fatty acid, leads to formation of stable Michael adducts with hemiacetal structure \[[@bib0170]\]. This reaction involve in fatty acid interaction with proteins, and their modification. As it seen in our model the improved antioxidant status helps to minimize oxidative damage, and thus can delay or prevent pathological changes. This suggests the potential benefits of antioxidant dietary strategies for reducing the amount of free radicals and their complications \[[@bib0175],[@bib0180]\].

The presented results show that the blood after treatment with L-dopa, compared with the controls, has a significant increase in the proteins (PCC, p \< 0.00). PCC assays involve interaction between the carbonyl group and 2, 4-dinitrophenylhydrazine (DNPH), which leads to formation of a stable dinitrophenyl (DNP) hydrazone product. The last is detected by enzyme -linked Immunosorbent assay (ELISA). DNPH method is useful to quantify carbonyl content in the mixture of proteins, such as plasma, tissue homogenates, cellular extracts, or in isolated proteins. Current results show a significant increase in the PCC level in the L-dopa treated group, compared with the control, which again clearly emphasizes that the oxidative stress caused by drug therapy is induced in the mice plasma. In addition, the groups treated with antioxidants show statistically significant decrease compared to L-dopa treated group (p \< 0.00, [Fig. 2](#fig0010){ref-type="fig"}). These results may be related to the presence of oxidative stress after treatment with L-dopa and show that antioxidants can slowly migrate proteins under oxidative conditions and protect them from oxidation \[[@bib0185]\].

Advanced glycation end products (AGEs) are a heterogeneous, complex group of compounds that are formed mainly via the Maillard reaction. This reaction become as the reducing sugar reacts in a non-enzymatic way with amino acids in proteins, lipids or DNA. Protein carbonyl formation is an important marker for protein oxidation that results from free radical attack on amino acid side chains \[[@bib0190],[@bib0195]\]. The PCC increases in stress and accumulated carbonyls cause protein damage and dysfunction. Augmented accumulation of AGEs may indicate an accelerated process of aging-related deterioration that likely accompanies neurodegeneration. However, AGEs mainly accumulate on long-lived proteins, and analysis of AGEs in blood may therefore not necessarily reflect their tissue levels, yet circulating AGEs keep their biomarker potential \[[@bib0195]\]. *In vivo* study the Maillard reaction products have received increasing attention due to AGEs association with certain chronic diseases, such as diabetes mellitus, Parkinson's disease and Alzheimer's disease, as well as during the aging process \[[@bib0200]\].

Carbonyl stress induced progressively protein dysfunctions and harmed all tissues, with pathological consequences such as inflammation and apoptosis contributing to the diseases progress \[[@bib0175]\]. This proteins inhibiting could stop pathological consequences of carbonyl stress. Moreover, carbonyl stress is the accumulation of reactive di-carbonyls, whether due to an increase in substrate content or a decrease in detoxification. Such intermediate products can continue to form AGEs or, during accumulation, as in carbonyl stress, can only cause damage \[[@bib0030]\]. Reactive carbonyl compound (RCC) is formed endogenously during lipid peroxidation and the glycation of carbohydrates are precursors of advanced glycation products (AGEs), which form cross-links on tissular proteins (carbonyl stress) and accumulate during aging in chronic disease \[[@bib0175]\]. Various research groups investigated *in vitro* the antioxidant and free radical scavenging activities of ethanol and acetone extracts of fresh Rosa damascene flower petals. It was established a good expression of DPPH· and ABTS^+^ radical scavenging activity and compared with standard ascorbic acid \[[@bib0170]\]. Another research team studied methanol extracts obtained from various plants, including Rosa Damascena extract, containing significant amounts of polyphenols, and reported excellent antioxidant activity for this extract, as evidenced by the scavenging of DPPH·, ABTS^+^, ^•^NO, ^•^OH, O~2~ and ONOO‾ \[[@bib0200]\]. In the same study, Rosa damascena extract shows significant potential for preventing oxidative end-products and radical activity \[[@bib0205]\]. Phenols and flavonoids are the keys ingredients indicated in most essential plants (rose oil), which have been reported by a number of researchers to have antioxidant and free radical activity \[[@bib0210]\]. Natural polyphenols and terpenes contained in essential oil shows a protective effect on neurodegenerative diseases \[[@bib0215]\], which is due to their ability to cross the blood-brain barrier and directly to capture the chelated transition metal ions and ROS/RNS in pathological concentrations \[[@bib0220]\] and to exert antioxidant effects into brain \[[@bib0225],[@bib0230]\]. Essential oils as antioxidants have been studied in detail to investigate their protective role for highly unsaturated lipids in animal tissues \[[@bib0235]\]. They shown their actions as hepatoprotective agents \[[@bib0240]\] and coincide with our results. Furthermore, oils possess antioxidant properties at extremely low dilution rates administered either by inhalation or by lipophilic fractions, interacting with the lipid parts of the cell membranes, thereby altering the calcium ion channels activity and in some dosas saturated the membranes \[[@bib0245]\].

5. Conclusion {#sec0070}
=============

This study shows that L-dopa induces oxidative toxicity proved by the increased levels of OS biomarkers MDA, PCC and AGEs tested in experimental model of healthy mice. The antioxidants -- Vitamin C and Rose oil, exhibit pronounced interfering and antioxidant properties against the acute oxidative toxicity of L-dopa. Furthermore, obviously the studied classic antioxidant, and essential oil can protect organisms from L-dopa oxidative toxicity induced and may play a key role in end products disarm. It must be emphasized, that Rosa damascena oil exhibited behavior very similar to the classic antioxidants --vitamin C, making it potential candidates for extensive experimental research to their possible use as protectors against oxidative toxicity triggered by drug therapy of neurodegenerative diseases.
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